The purpose of this paper was to select a fusible interlining in the production of men's shirts. The selection was based on bonding strength between the fabric and the interlining as a key property that defi nes the quality of the fusible interlining. The bonding strength was examined after fusing process and after fi ve cycles of laundering. The fabric was fused with three fusible interlinings from diff erent manufacturers and with diff erent properties.
INTRODUCTION
Fusible interlinings are auxiliary materials in apparel production and they are very important for essential apparel quality. Fusible interlinings reinforce the fabric, improve the formability and tactile properties of outer fabric, and give a beautiful silhouette of the apparel [1, 2, 3] . With the fusing process, fusible interlining is bonded to the outer fabric by thermoplastic resin and produces a structure called laminate [4] . The bonding strength between the interlining and the fabric is very important for apparel quality because consumers want to keep the shape of apparel during wearing and after repeated laundering. During the wearing and laundering, apparel is exposed to mechanical stress and may cause delamination of the fusible interlining, which may impair the aesthetic appearance of the fused parts of the apparel. The bonding strength between the fusible interlining and outer fabric is essential for obtaining a laminate that will stand the process of laundering and dry cleaning. Although the minimum bond strength is not specifi ed in the standards for bonding strength testing, in the literature and from practical experience, data can be found that the bond strength should be at least 10 N / 5cm or 200 cN / cm [5] . Factors which have infl uence on the bonding strength of the laminate are fusible interlining and the parameters of fusing process, pressure, temperature and time.
EXPERIMENT
In this paper, bonding strength was investigated between one fabric intended for men's shirts and three diff erent fusible interlinings. The structural characteristics of the fabric and fusible interlinings are given in Table 1 and in Table 2 , appropriate. Using orthogonal array L 9 (3 4 ) the experiment plan was made, as shown in Table 3 . The experiments were carried out with 4 factors (A-fusing interlining; B-Temperature, C-pressure, D-time) at 3 levels, as shown in Table 4. Selection of the levels is based on the interlining fusing parameters specifi cations. The experiment layout using an "L 9 " orthogonal array in Table 5 is shown. The three types of fusible interlinings were taken as levels of the factor A -fusible interlining. At the Level 1 is interlining produced by Wendler, Germany, level 2 interlining produced by Stafl ex, Spain and level 3 is interlining produced by Freudenberg, Germany. The fusing process was carried out in factory conditions, on continuous fusing press type Gygli. Six samples were fused at each fusing conditions. Half of the samples, after fusing were exposed to fi ve cycles of laundering and drying according the conditions in given in the ASTM D 2724 standard. After the fi fth cycle, the samples were placed in a fl at position on a fl at surface and hand-ironed at 150°C. During ironing no extra pressure was applied except the mass of the iron itself. The bonding strength of the fused laminate was tested on tensile testing machine Tinius Olsen HT45, in accordance with the ASTM D 2724 standard [7] .
RESULTS AND DISCUSSION
The obtained results for bonding strength investigated after fusing process and after fi ve cycles of laundering are given in Figure 1 . The results given on the diagram calculate average values from the three measured values. According to the results, the highest bonding strength indicates the "Freudenberg" interlining, followed by "Stafl ex" interlining, while the lowest bonding strength indicates interlining produced by "Wendler". Compared to the minimum bonding strength of 200 cN/cm, generally laminates with interlinings "Freudenberg" and "Stafl ex", have required bonding strength. The "Wendler" laminate, in all cases shows lower strength than 200 cN/cm. The "Freudenberg" laminate, for all combinations of parameters, after fusing process as after laundering process, has a higher values of bonding strength between fabric and interlining than the minimum strength of 200cN/m. The bonding strength of this laminate increases with the fusing parameters (temperature, pressure and time) increasing. Comparison of the values of the bonding strength after fusing and after 5 cycles of laundering indicates that the bonding strength after fi ve cycles of laundering is higher than the strength after fusing, for all combination of parameters. According to the literature after laundering, the bonding strength decreases, but after ironing, as in our case, the strength may increase [6] . After ironing, the increasing of bonding strength is the result of the consolidation of the thermoplastic resin due to the eff ect of temperature and the pressure in the ironing process.
In the both cases of examination, after fusing process and after laundering process, for all combinations of fusing parameters, the "Wendler" laminate has lower bonding strength values than the minimum strength of 200 cN /cm. The results of samples tested after fusing process, showed that the bonding strength increases with the rising of the temperature.
The obtained results show that the bonding strength after fi ve cycles of laundering is lower than the bonding strength after fusing process, for all combinations of parameters.
The "Stafl ex" laminate, for all combinations of parameters, has a higher bonding strength than 200cN /cm for samples tested after the fusing process. After fi ve cycles of laundering, the value of bonding strength is slightly below 200cN/cm except for the sample fused at the highest temperature of 170 °C. With rising of the temperature, the bonding strength slightly decreases in the group of samples tested after fusing. In the group of samples examined after laundering happens the opposite, the bonding strength increases with raising of the temperature.
In general, the comparison of the results of the bonding strength after fusing and after fi ve cycles laundering indicates that the bonding strength decreases after laundering.
In the Figure 2 standard deviation of bonding strength for three types of fusible interlinings at all fusing parameters are shown.
From Figure 2 , can be seen that the standard deviation of the bonding strength for the "Freudenberg" laminate is signifi cantly changed by fusing parameters variation. In general, "Freudenberg" interlining shows that with increasing of the temperature the standard deviation increases for all samples, except for samples fused at temperature 170 ºС and tested after the fusing process. Here, for the highest fusing temperature 170 ºС the standard deviation is slightly lower than that of temperature 160 °C. From Figure 1 we have seen that at higher temperature the bonding strength is higher, but it can be noticed that the standard deviation, i.e. the coeffi cient of variation is increased, which must be taken into account when the optimal fusing parameters are being chosen.
The standard deviation of bonding strength of the fabric and interlining in the "Wendler" laminate doesn't show any trend in the magnitude under different fusing conditions. In the group of samples tested after fusing process, the sample fused at the lower temperature (150 °C) shows the lower standard deviation of the bonding strength than at the higher fusing temperatures. Samples tested after fi ve cycles of laundering generally show higher standard deviation than samples examined after fusing process; higher at temperatures of 150 °C and 170 °C and lower at the temperature of 160 °C.
Standard deviation of bonding strength in the "Stafl ex" laminate increases with fusing temperature increasing for all examined samples (Figure 2 ). Sam- ples tested after laundering, fused at temperatures 150 ° C and 160 ° C, show higher standard deviation of bonding strength than the samples tested after fusing process. In the case of this interlining, at the highest temperature the highest bonding strength is not obtained (Figure 1 ) which may suggest that it is more advantageous to use a lower temperature in terms of higher bonding strength, lower standard deviation and energy savings.
In consideration of the information given in the technical specifi cation of interlinings, comparison of the obtained results of bonding strengths for diff erent fusible interlinings leaves us some doubts. If we remind on table 2 with the recommended fusing parameters for the interlinings, it is noted that interlining by the manufacturer "Freudenberg" has the smallest weight (80 g/m 2 ), and consequently (assuming that the participation of the thermoplastic resin is approximately equal for all interlinings) the smallest amount of thermoplastic resin. However, this fusible interlining shows the higher bonding strength. Next, it is "Stafl ex" interlining which has highest weight (110 g/m 2 ) and the last is "Wendler" interlining with a weight of 100 g / m 2 . A possible explanation for the higher bonding strength of the "Freudenberg" laminate may be in the range of recommended fusing temperatures in the interlining specifi cation (table 2) given by the manufacturer. Compared to other interlinings, , the temperature range recommended by this manufacturer (143-166 °C) is quite wide (ΔT = 23 °C), and the initial fusing temperature is also lower (143 °C). Also, the fusing temperature recommended by this manufacturer is from 0.8 to 3 bar (ΔP = 2.2 bar), which is quite low initial pressure and widest fusing pressure range compared to other interlinings. The comparison of these parameters with the fusing parameters applied in the experiment (table 4), shows that especially at the third level of the experiment (temperature of 170 ° C and pressure of 3 bar) where the highest bonding strength were achieved, fusing temperature and pressure which are much higher than initial ((temperature of 143 ° C and pressure of 0.8 bar) were used. Consequently, in this case it is possible extremely high mobility of the thermoplastic resin and improved penetration of the resin into the substrate and the base material to achieve due to the combination of higher temperature and higher pressure.
From the process economics point of view, lower levels of fusing parameters (T = 150 ° C, P = 1 bar, t = 12 s or T = 160 °C, 2 bar, t = 15s) can be taken as optimal fusing parameters for the "Freudenberg" interlining because the bonding strength under these conditions after the fusing process and after laundering is acceptable and the standard deviation is lower.
The interlining "Wendler", which creates laminate with the lowest bonding strength, has the lowest fusing temperature range (160-165°С) recommended by the manufacturer. It could be thought that getting out of the narrow temperature range is a possible reason for very low bonding strength. Although, the fusing process was carried out with temperature of 160°С and pressure and time that completely overlap with recommended parameters from the specifi cation, the laminate with this interlining has the lowest bonding strength compared to other fusible interlinings. The reason for this may be the low quality of thermoplastic resin, for which at the time of order and through the information available in the technical specifi cations no more detailed information can be found. In order to investigate the quality of the thermoplastic resin it is necessary to carry out tests which are not within the scope of the technical equipment of the apparel manufacturer.
CONCLUSION
In this study, a selection of a fusible interlining in the production of men's shirts was made. From the obtained results we can conclude that: 1. Only "Freudenberg" interlining creates a laminate with a bonding strength higher than 200cN/cm in both cases, after fusing process and after fi ve cycles of laundering. This result was obtained for all applied combinations of fusing parameters.
2. Fusing parameters in the specifi cation of the "Freudenberg" interlining, temperature (143°С) and pressure (0,8 bar), are much more lower than the fusing parameters used in experiment and due to combination of the higher temperature and pressure, the viscosity of the thermoplastic resin decreases and penetration of the resin into the substrate and the outer fabric is improved.
3. When temperature and pressure are increasing, the bonding strength increases and standard variation increases, too.
For "
Freudenberg" interlining fusing we suggest the lower fusing parameters (Т= 150°С, P=1bar, t=12s) because the bonding strength is acceptable and the standard deviation is the lowest.
